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Preface

Organisms function. In order to do this, they are organised. Anything which functions is
organised, whether it is a motor car, a bacterium, the human body, a telephone network.
Events which occur in them do not happen randomly but are directed according to a pattern.

It is a basic character of all organised systems that they require:

1. Structure - the structure carries the pattern which directs the function.

2.Energy - the energy is required to make the system function, or work, and also to

build it and keep it in repair.

In organisms, the energy source — often carbohydrate or fat - is frequently used as part of
the structure, and vice versa. So, sugars are a major energy source but are also used as the
building material for plant cell walls; fats are also respired to produce energy but are part of
membranes found in cells; amino acids are important units of the structural protein of skin
and connective tissues but may also be used as an energy source. ‘

These inter-relationships make the sorting out of the structure and function of tiving
systems very complex. Their patterns are perhaps more easily grasped visually than
descriptively. This book attempts the visual approach to biochemistry rather more than
most others. Here and there it may labour the basic concepts more than many biochemists
might think warranted. But the experience of the authors leads them to believe that many
students, who are not making biochemistry their major study, often learn superficial )
complexities rather than basic simplicities. :

For this reason, the book is aimed not only at biochemists, but also at those students who are
about to embark on the host of subjects which demand some biochemical knowledge. These
range from home economics to agriculture, from botany to medicine. It is not meant particularly
for students at universities nor those at technical colleges or polytechnics, nor for very bright
sixth-formers taking S level. We, the authors, however, hope that it will be found of some use
as a groundwork by some students among all of these classes.
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AMINO ACIDS AND PROTEINS

\Q\§_§§§
hundreds or 1h: wsands
of amuno aced
motlecudes

@ Amino acids are joined togetherin | T—

chains to make proteins. R T /;/H,/,;//\/
@ The 20 amino acids which are found there are abont
in proteins are called the monomers: . ,
all proteins are polymers. 20 .&:% m\@x& amuno these are
s wv eaih the same
proletrn maolecule.
@® The amino acids are made of C,H,O
and N {except 3 which also contain S). : O.N Iu ON N }Q\E
O e
/./Jho‘\ Nxh\:\Q@L Om I3Om Zu. b\m:ﬁ@
ST | CyHy 00 NS cysteane
® Each amino acid has an acidic group [ —— .
and a basic group in its molecule. L T
These groups are attached to the same f/// 0 O—H aeed %\ oL
C atom. b AN c / Car @on\C
| | H
Thus IIIOlZ\ @m%@\oﬁn
: s aways _ “H (omino)
@® Compounds whose molecules have both present R

basic and acidic properties are called
amphoteric compounds.
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® Molecules of amphoteric compounds may _
form ‘internal salts’; they are called zwitterions C—p
%
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@ Amino acids are different because they
have different R groups.

s is called

e amiinp acid
Side cham

|

@- C— COOH
_
NH

2

can be one Of abouf
20 different Shructures

@® Apart from glycine (in which the R group =H)

all other amino acids have an asymmetric
carbon atom. This means that they can exist

in two different 3-D structures. CcoOoH cOOH

P t/.o\zxN
_

R.
\\.5% organiSms ukilise. almost the, - B .

, _ h}D\@ N
entirely” those anund —acids ) _ " ,
e 1 arine, s mhomw occupied mtsmm ummtb@\

an &
L- Q\NSO acid D-ammno acid




@® We can put amino acids into 4 different
classes depending on the nature of their

side chains.
20 amino acds
found in naruraliy these are
DRS\\SQ \B\ow@\,ml fat-solumble
for exampie _
2y ]4/% prar
Aspartic acid g\me.o .

O/ . !

XIvo.\nIOIpI ¢ Gyone H—

Glamic acid FWM«\\S Alamine OIu|

O
S | | NH-CH—CH-CH-CH- . HO-CHo—
exfra acid P CHy-CH; 4 T T [ Serine 2 CHy
roup ) |HO Leucine. QTQT
I . Cysteine HS-CHj- nx.u
extra, basic : 4 ‘
grouy OH Prerylalarune
, gﬁt&lml ©‘nl~1
x . B

| @Smg&\ benzene

IOI© CH.— ring




@® Amino acids are not only
used for making proteins.
Some are also starting
points for the synthesis
of other compounds in the
cell — for example:

@® Proteins consist of amino
acids joined together by
their carboxy! (acidic)
and amino (basic) groups.

The joins are peptide bonds.

-



@® So the protein looks like this:

@ There are lots of different
proteins. Different proteins o
contain different combinations _ o , ‘[Hck suwl
of amino acids like letters : _
in (very long) words.

WordS  is differaid from,  Sword,

@® Some examples:

biological
dgeston. . dernt

m?ww mes S hair, hoot, horr 299 white Sreak.




@® What are proteins *oq..V — A summary of protein functions

GLOBULAR

PROTEINS

— the molecules

are  globular Obructural units — skin,,
and Sepasate blood. vessels, tendons,

o

15 bhe protecn \S\e.ﬁ
which develops in nowndls
fo cause blpod. clotteng.

main funckions Arnotherspecialised oxample.:

/\II\ (S musScle. which conscisés
largely of fbrous proteins

WHLCK can contrack.

R - FIBROUS

PROTEINS

- the molecules

are 8\,@ and
cr0ss-(nked

for %S&RV@

e9-Chlorophyll—prtsin
complex

ox ygesv —

haem oglobuy




@ Proteins vary greatly in molecular weight

—

s wbut Fuyrmany hagmog/obuy
has S5/ amine acds has 578 armuno acds
ervzyme (wrease from bean
( molecutar weignt 6000 ) (mMw 63 000) seBEes ( )

has 4500 anuno acds
(Mw 473 000)

@ Proteins are not just strings of amino acids. They have a definite shape.




A summary of PROTEIN STRUCTURE E Thes prptecn molocuie consists of 2

polypeprde chiiris A ond . Some
\D\uwmgm Pave DUy ore chaom . Some
have Severae.

ﬁN This is an \»:SQ\:&\Q Q\obxg Pro‘emn maglid.
If consists of 77 arfino acids [differerr ‘iypes?

Iinked \dww\fm\. (Most prorewns are rucn

bigger han tns, and conran 20 d.fferent

types of amind acids, but we can show

. oSt of the characteristcs of @\Q\_Sm

protens with this diagram.)

[ s BB »
Fa v B 4
q | The _{:Qw B-dimensional m:ﬁQS@L s called e ) ” 52
tertiary structure of e profecn. The chawms do 3 " CE s
not ‘Hap’ abowt at rarndom. The tertiary Skruckure e ﬂ L/ W‘&”lm/
/s preset by inlerachions among the Side groups of TR N e
He amino acids. So each molécule of & particulac “..ﬁ ®, k_ (3
protein has [he Same terkiary Shuckure as everny O Ky s

i ®. A
0 ) &
2 0\

olher molecute of ™Mat proteia. If ke ‘normal’
fertiary Structure js destroyed e.g. by heat [ boiling),
or by Strong acids or alkalc or other reackive chemicals,
the proteirs’ is Said b be denatured. Denatured
protecns often coagulate J.e. become insoluble..

@ e . —m  — o o - -~ A = e S R - am - =
-

Nl |

The polypephrae chain /s rot a Flat ribbon.-For parts

If AW = Serine (Sec) AW H%Es\:\x@ acd mmr\&w
L =tgsnellys) L=gmune (ge)

j
of it hE amino adds are spirally arranged. m
"
i
222 ” = typlophan

Bhructire here Shruckure of he ! @ IPep m@v
1
|
{
|
_»

This spircd /s caled the X-hetix. The 3-dimensional

= Shructure of e ‘ribbon’
7he Secondar /s called e secondac

18 Spiral \B\,O\.&S

The primary shructure of A K< m
Ser - lys aﬂu\w - glu— Ser- cgS QmS&\@mv m
mm@m( gy -~y —ser —ser s —gly - gly”
%S\S\Qvﬁuxﬁm\mg\wglhm\ \"

— e =t v = A A ——— A = - = e e

diagcam of proteiwn
with spiral and noh-—
soiral parts o the
chauwn
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The chawns awe Inked %NM@\}@\ WQ a mu&\\s\r\
bridge . This comes ab wher 2 S-contdunimng
amino adds (cysreine) hnk Thew S akorms
*00&3&\.. . -
Thire is apomer ((R) (R)
N . el
ulIII%

S-S link bo\g

.“WMV \Nm,\.% Q\MM Fo&.&ntm_ﬁ :
*o@m?m\. . °| &!Wm...x@

|

s

This is not an armuno aud . IF /s a
meral jon. Some protewns have oher
ogonu’ StruckiureS attached fo
them (often ‘insiae™lke this eme ).

b\bw&n\.\\m. W Ch Conkaen a Shructure
Whiath s not an asnino acd are
calted QQE&.&&»%& - profecns.

Howerer much each chain is Hwisted in
3 -dimensjons, the amino acidls hawve

A particudar Seguence.
Tris sequence IS call Hhe primacy”
Structnre.

for different poreins.

e
r that chaian.

This is cadled e C-terminal erd of e
. 0
B-chawm as it has a. —c{ _ group which

has nof linked wilk arother amino acd .
Tt amino acds are cowunted from he
other end e.9. ‘ anuno add 52 OF

T

This /s caled the N- xmwﬂ\.\,@m%si oF e
+

A -chaw as JF has a ~NZH groupo whith

has not linked wilt) arnother ammno aud.
mw convention, ’h€ ammo gGcids are
counted from +hiS end eg. ‘amino
acid & of e A chawn /s a@m\.@mbm\w

0

B-chawn 1s cysteine’

of the protein. JF Aiffers

The other end of the b-chain
musk be N-fermunad [

11




CARBOHYDRATES

@ Sucrose (cane or beet sugar)isan | \
example of a carbohydrate. o

The words glyco- and sacchar-
mean ‘sugar’. So does the ending -ose.

@® Lactose (milk sugar) is also a disaccharide.

@ Starch is another carbohydrate. Each molecule
has chains of hundreds or thousands of
monosaccharide molecules joined together.

+hese monoSaccharide
untks are cll mt\enbm@

QO SULroSe molecile

fructoce.

12

.\jnn\u} s ho@mnmbyaxiw

these are called
monosacchardes;

they are joined by

a m@&@&@ Lk

S0 Sucrose S a disaccharde.

galoctose

monoSaccharides

A= 177

s
y—



